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INTRODUCTION
Talipariti elatum (Sw.) Fryxell (Malvaceae) is a
highly esteemed tropical pioneer tree (Herrera-Peraza et
al. 1997) and has been widely used in Cuban forest
planting programs (Betancourt 1987). The fruits are
dehiscent capsules (Bisse 1988) and their seeds have a
poor and erratic germination unless pregerminative
treatments such as thermic or acid scarification are
applied (Álvarez 1985). This difficulty could be due to
seed coat impermeability to water (Maresma & Carde-
nas 1981, Álvarez 1985, Betancourt 1987) but Muñoz
(1998) obtained germination from fresh and intact seeds
when these were sown at constant 25ºC and at fluctuat-
ing 25/35ºC (15 and 59% respectively). 
Experimental results provide no evidence on whether
fresh seeds of T. elatum have solely exogenous dormancy
imposed by seed coats or whether any other types of
dormancy are involved, as has been reported from other
tropical pioneer species (Vázquez-Yánez 1974, Acuña
& Garwood 1987, Vázquez-Yánez & Orozco-Segovia
1994, Muñoz et al. 2001). The main objective of this
work was to determine the type of seed dormancy in
fresh seeds of T. elatum from two ecosystems.
MATERIALS AND METHODS
Fresh seeds were collected in March, 2001 in two ecosystems or
provenances: a moist evergreen forest at the Biosphere Reserve
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‘Sierra del Rosario’, Pinar del Río (82º 57’W, 22º 49’N), and in a
secondary forest at the Instituto de Ecología y Sistemática (IES),
Havana (82º 2'W, 23º 01'N), both in western Cuba. Annual rainfall in
the moist evergreen forest is 2014 mm, mean summer temperature is
25.9ºC and 22.2ºC in winter (Vilamajó et al. 1988). Annual rainfall
in the secondary vegetation is 1300 mm, and mean summer temper-
ature is 27ºC and 23ºC in winter. In each ecosystem, 10 trees were
selected and 100 fruits collected from every tree; mean seed num-
ber/fruit did not differ significatively in all ecosystems and was
approximately 50 (SE ± 2,3). The collected fruits/site were taken to
the laboratory where seeds were collected and assembled together
obtaining therefore two seed populations from each provenance.
Imbibitions and germination tests were carried out immediately after
seed collection. For this purpose, seed samples from each population
were taken at random. Seeds have a 98 % initial viability estimated
by the tetrazolium (TZ) test (International Seed Testing Association
1999). 
Seed Structural variables: length (mm), fresh weight (g), dry
weight (g) and initial moisture content (%) per seed were determined
in 100 seeds from each provenance. Dry weight and initial water
content were determined by drying for 17 hours in an oven at 103 ±
2ºC (International Seed Testing Association 1999). The seed mass
relative reserve [(embryo+endosperm) weight/seed total dry weight
x 100] was also calculated, in accordance with the Seed Nutritional
Index State proposed by Sánchez et al. (1997). Seed mass relative
coats was estimated by subtracting the dry reserve mass from the dry
seed mass. This index represented seed mass not involved in seed
reserve. 
Water absorption dynamics in relation to fresh weight was stud-
ied in intact seeds and scarified in sulfuric acid 96% for 20 minutes
(Álvarez 1985). Seeds were placed on filter paper moisted with dis-
tilled water in Petri dished (9 cm diameter) under fluorescent white
light and an 8 hours-light photoperiod which concurred with the
highest temperature (35°C) and 12 hours at 25°C in the dark with 2
transition periods of 2 hours between both photoperiods (optimal
temperature range for germination; Muñoz 1998). Five replicates (50
seeds each) were recorded for every imbibition point. They were
weighed several times during imbibition periods (with 8 hours inter-
vals) until radicle emergence started. 
Similarly, moisture content of each intact seed was measured
after 118 hours under hydration treatment (time that coincides with
visible germination). In this imbibitions test, 100 seeds in each stock
from each provenance were used, and according to their degree of
moisture content, they were separated in 3 categories 1) non hydrat-
ed seeds (those having a moisture content 13%, close to the initial
value of fresh seeds) 2) little hydrated seeds (moisture content up to
30 %); and 3) very hydrated seeds (moisture content 30% including
seeds with incipient radicle emergence). Cross-cuts in intact seeds
after 6 hours of exposition to water were also made in order to cor-
roborate embryo and endosperm hydration, 100 seeds from each
provenance being used for this purpose and observations were made
under the stereoscopic microscope (6x). Percentage of seeds show-
ing visible hydration was calculated. 
A experiment of simple classification was made using factorial
arrangement in order to assess how the presence of seed coats and
seed provenance could influence germination in fresh seeds of T. ela-
tum. The following pregerminative treatments were carried out
untreated seeds (T1), and totally scarified seeds (T2) using sulfuric
acid (96 %) for 4 hours, washing and manual elimination of seed coat
debris (Muñoz 1998). Seeds were washed profusely in running water
for 10 minutes. Germination tests were carried out at an alternate
temperature of 25/35°C comprising 8 hours at 35°C±1°C and 12
hours at 25°C±1°C with 2 transition periods of 2 hours between both
photoperiods. For this experiment five replicates (50 seed each) were
established for each provenance and treatment. The seeds were
placed on filter paper moisted with distilled water in Petri dishes (9
cm diameter) under fluorescent white light and a 8 hours photoperi-
od. Germination was assessed daily for 15 days and the criterion for
germination was visible protusion of the radicle. Final germination
percentage, start and germination rate (expressed as time to attain
10% germination of the sample, T10) were determined.
Means and standard error were measured for each variable. Per-
centage data were transformed into arcsine% and start and rate of
germination into x. Seed structural variables were analysed with a
Student ‘t’ test and germinative variables with ANOVA factorial.
Untransformed data are shown in table. 
RESULTS AND DISCUSSION
Seed structural variables did not differ significative-
ly (P0,05) between the two ecosystems (Table 1). In
both, seed mass relative coats had higher values than
seed mass relative reserve. This distribution could be
related to dormancy and permits greater protection
against abiotic agents and the attack of microorganisms
in seeds lying on the forest floor (Fenner 1985).
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Table 1.
Means of structural variables in seeds of T. elatum collected in moist evergreen forest (Provenance I) and secondary forest (Provenance II).
SE (Standard Error).
Characters Provenance I Provenance II SE
Length (mm) 0,54 0,54 0,00
Moisture content (%) 12,9 12,0 0,11
Dry seed mass (g) 0,02 0,02 0,00
Seed mass relative reserve (g) 43,8 42,8 0,50
Seed mass relative coats (g) 56,2 57,2 0,50 
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Figure 1.— Water absorption dynamics in intact fresh seeds (A) and scarified seeds (B) of T. elatum from 2 provenances (I moist evergreen
forest and II: secondary forest). In A the arrow indicate the approximate time of first visible sign of germination. In both figures the error bars
indicate ± standar error.
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Intact seeds of T. elatum from both ecosystems were
hydrated after being in contact with water (Fig. 1A). The
seeds of both ecosystems showed a lineal imbibitions
pattern characterized by a steady and slow increase in
moisture content until radicle emergence started after
118 hours of imbibitions. Otherwise, scarified seeds
from both ecosystems showed a triphasic pattern of
water absorption (Fig. 1B) which most cultivated plants
follow (Bewley 1997, Sánchez et al. 2001) and radicle
emergence took place after 52 hours of imbibitions in
scarified seeds.
It was also noticed that scarified seeds show a high-
er imbibition rate than intact seeds since at a 20-hour
hydration, humidity values higher than 50 % were
obtained in both provenances (Fig. 1B), whereas the
hydration percentage in intact seeds in an equal time
does not surpass 18% (Fig. 1A). However, water content
in intact and scarified seeds from both provenances at
118 and 52 hours (2 hours before visible germination
starts) did not differ significantly, its mean value being
69 and 70% respectively (Fig. 1A y B). 
When moisture content in each seed after 118 hours
of imbibition was determined, 12% from both prove-
nances were not hydrated (Fig. 2), that is, they showed
exogenous dormancy (seed coat having water imperme-
ability). 
However, 30% from the seeds collected total of
provenances I and 20% of provenance II were little
hydrated, they showed 30% and 20% of hydration
respectively. The others (more than 50% of seed total)
from each provenance presented high hydrated percent-
age and in some instances radicle emergence were
observed. In addition, the percentage of hydrated seeds
(little and very hydrated) was similar to the frequency of
seeds that showed visible hydration when exposed to
cross cuts after 6 hours hydration. Likely, fresh seeds of
T. elatum have another dormancy type combined with
certain water impermeability.
Fresh and intact seeds from both provenances
showed low percentage of final germination when
sown at 25/35ºC. Start and rate of germination also
were delayed significatively when compared to seeds
treated with total scarification (Table 2). The best ger-
minative response in intact seeds (T1) was found in
provenance II though there was no significative differ-
ence compared to provenance I. Different responses
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Figure 2.— Percentage of intact T. elatum seeds achieving hydration levels after being imbibed in water for 118 hours. Provenance I: moist
evergreen forest and Provenance II secondary forest. Non hydrated (moisture content<13%), Little hydrated (moisture content up to 30%),
Hydrated (moisture content > 30%).
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for both provenances are probably due to parent effect
or seed provenance (environmental conditions experi-
enced in seed maturation), which might induce differ-
ent degrees of dormancy among seeds (Bewley &
Black 1994). However, both provenances had the same
amount of resources in their seed coats as explained
above (Table 1). Therefore, differences could be relat-
ed to varying degrees of permeability in seed coats as
demonstrated in seeds from the secondary forest
(provenance II, Fig. 2) where highly hydrated seeds
prevail.
Results in seeds under total mechanical scarification
treatment (devoid of seed coats) and in individual hydra-
tion (Fig. 2) corroborate that the greatest impediment for
the germination of fresh seeds of T. elatum is the
mechanical barrier that seed coats impose on embryo
emergence. It was also proved that seeds of T. elatum
have no endogenous embryo dormancy (Nikolaeva et al.
1977, Bewley & Black 1994) and also that the
endosperm is not a mechanical barrier delaying radicle
emergence. 
The foregoing results also prove that most seeds
in our germination tests need an optimal temperature
of 25/35ºC (Muñoz 1998) for radicle emergence and
this temperature does not cause seed coat break up as
demonstrated by the low germination percentage in
intact seeds. Likely, the temperature needed for seed
coat break up is higher than the one causing radicle
emergence. This seems to be an advantageous mecha-
nism found among non-photoblastic pioneer species
like T. elatum (Muñoz 1998) for detecting clearings in
the forest (Vázquez-Yánez & Orozco-Segovia 1994).
In fresh seeds of Trichospermum mexicanum (DC.)
Baill., a forest pioneer tree, according to Sanchez and
Muñoz (2004), embryo growth takes place at 25°C but
the metabolic events of the germination that occur in
the endosperm (e.g., weakening) do not possibly
occur. 
Summing up, results from fresh and intact seeds of
T. elatum demonstrate that seeds absorb water from
their surroundings but have different potentials in per-
forming this process. Poor and erratic germination in
this species is not only due to seed coat water imper-
meability (Álvarez 1985, Betancourt 1987) but also
there is a main impediment for germination: a
mechanical dormancy in combination with a certain
degree of seed coat impermeability found in most
seeds in our sample. 
According to Fenner (1985), exogenous dormancy
has a great ‘ecological relevance’ since it offers seeds
the possibility for survival when they are confronted
with environmental changes. Seeds of T. elatum fall on
the forest floor mainly during the Cuban dry season
(November to April). Therefore, combined dormancy in
these seeds could give a better protection against high
temperatures and the attack of predators until the first
rains arrive with the cold waves from the North or the
rainy season comes as it is the case with other Cuban
forest trees which exhibit different types of exogenous
dormancy and fall on the forest floor during the dry sea-
son, e. g., Mastichodendron foetidissimum Jacq., Andira
inermis W. Wright and Calophyllum pineroturm Bisse
(Sánchez et al. 1997; Mancina & Sánchez 2001,
Sánchez et al. 2002). 
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Table 2.
Germinative behavior of intact seeds (T1) and scarified seeds (T2) of T. elatum planted at 25/35ºC and collected in moist evergreen forest
(Provenance I) and secondary forest (Provenance II). Symbol: ***, P=0,001 significative, SE (Standard Error). Means with different letters
on the same row has significative difference (P=0,05), according to Duncan's Test.
Provenance I Provenance II
Germinative Variables T1 T2 T1 T2 SE
Final germination (%) 10,0b 94,0a 18,3b 96,0a 23,4***
Start germination (days) 10,0a 0,2b 7,0a 0,2b 2,47***
Rate germination (days) 14,0a 0,6b 13,0a 0,6b 3,72***
ACUÑA, P. I. & GARWOOD, N. 1987. Efecto de la luz y de la escarifi-
cación en la germinación de las semillas de cinco especies de
árboles tropicales secundarios. Revista Biología Tropical 35:
203-207.
ÁLVAREZ, A. 1985. Las semillas de Hibiscus elatus Sw. (III). Empleo
del ácido sulfúrico (H2SO4) tratamiento pregerminativo,
Boletín Técnico Forestal 1: 1-14.
BETANCOURT, A. 1987. Silvicultura especial de árboles maderables
tropicales. Editorial Científico Técnica, Cuba. 
BEWLEY, J. D. & BLACK, M. 1994. Seeds. Physiology of development
and germination. Plenum Press, New York.
BEWLEY, J. D. 1997. Seed germination and dormancy. Plant Cell 9:
1055-1066. 
BISSE, J. 1988. Árboles de Cuba. Editorial Científico Técnica, Cuba.
FENNER, M. 1985. Seed ecology. Chapman & Hall, Londres.
HERRERA-PERAZA, R.; ULLOA, D.; VALDÉS-LAFONT, O.; PRIEGO, A. &
VALDÉS, A. 1997. Ecotechnologies for the sustainable manage-
ment of tropical diversity. Nature & Resources 33: 2-7.
INTERNATIONAL SEED TESTING ASSOCIATION. 1999. International rules
for seed testing. Rules and annexus. Seed Science and Technol-
ogy 27: 155
MANCINA, C. A. &. SÁNCHEZ, J. A. 2001. Efecto de la actividad tró-
fica de Artibeus jamaicensis (Mammalia: Chiroptera) sobre la
dispersión de Andira inermis (Leguminosaceae). Revista
Biología 15: 81-84.
MARESMA, J. & CÁRDENAS, A. 1981. Efecto de seis materiales de
cubierta sobre la germinación, supervivencia y desarrollo en
vivero de H. elatus. Revista Forestal Baracoa 11: 17-34.
MUÑOZ, B. 1998. Patrones morfológicos y fisiológicos en semillas de
algunas especies arbóreas pioneras. M.Sc. Thesis, Instituto de
Ecología y Sistemática, La Habana, Cuba.
MUÑOZ, B.; SÁNCHEZ, J. A.; MONTEJO L. & HERRERA-PERAZA, R.
2001. Características morfológicas y fisiológicas de semillas de
Prunus occidentalis. Comparación entre especies de diferentes
estrategias sucesionales. Ecotrópicos 14: 1-10 
NIKOLAEVA, M. G. 1977. Factors controlling the seed dormancy pat-
tern. En: A. A. Khan (ed.), 1-348. The physiology and biochem-
istry of seed dormancy and germination. Elsevier Biomedical
Press, Amsterdam. 
SÁNCHEZ, J. A.; MUÑOZ, B.; ORTA, R.; CALVO, E. & HERRERA-PER-
AZA, R. 1997. Correlación entre el heteromorfismo somático y
la respuesta germinativa de Mastichodendron foetidissimum
(Jacq.) Cronq. Acta Botánica Mexicana 37: 1-7.
SÁNCHEZ, J. A.; MUÑOZ, B. & FRESNEDA, J. 2001. Combined effects
of hardening hydration-dehydration and heat shock treatments
on the germination of tomato, pepper and cucumber. Seed Sci-
ence and Technology 29: 691-697. 
SÁNCHEZ, J. A.; MUÑOZ, B.; REMIS, Y. & TORRES, Y. 2002. Cor-
relación entre el tamaño de la semilla, la dormancia, la germi-
nación y el vigor de las plántulas de Calophyllum pinetorum.
Revista Jardín Botánico Nacional 23: 75-84.
SÁNCHEZ, J. A. & MUÑOZ, B. 2004. Effects of hydration and scarifi-
cation treatments on the germination of Trichospermum mexi-
canum. Seed Science and Technology 32, 621-627.
VÁZQUEZ-YANEZ, C. 1974. Studies on the germination of seeds of
Ochroma lagopus Swartz. Turrialba 24: 176-179
VÁZQUEZ-YANEZ, C. & OROZCO-SEGOVIA, A. 1994. Signals for seeds
to sense and respond to gaps. En M. N. Cardwell & R. W.
Pearcy (Eds.), Exploiting of environmental heterogeneity by
plants: ecophysiological processes above and belowground.
London, Academic Press. 
VILAMAJÓ, D.; MENÉNDEZ, L. & SUÁREZ, A. 1988. Características
Climáticas. En R. Herrera-Peraza, L. Menéndez, M. E.
Rodríguez & E. E. García (Eds.), Ecología de los Bosques Siem-
preverdes de la Sierra del Rosario, Cuba. 61-74. Project MAB.
no. 1, 1974-1987. ROSTLAC, Montevideo, Uruguay. 
Laura A. Montejo Valdés et al. Dormancy and germination in Talipariti elatum seeds
62 Botanica Complutensis: 29: 57-62. 2005
REFERENCES
